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(54) METHOD FOR MOUNTING MICROLENS ARRAY SHEET 

(57)Abstract: 

PURPOSE: To increase a visual field angle by bringing 
the peak part regions of the projecting parts of the 
rugged surface of the first material layer of micro-unit 
lenses into tight contact with the surface of a liquid 
crystal cell. 

CONSTITUTION: The peak part regions 11 of the 
projecting parts of the rugged surface of the first 
material layer 1 of a microlens array sheet 52 are 
brought into tight contact with the surface 10 of the 
liquid crystal cell 51, by which a part of the first material 
layer 1 is eventually brought into contact with the 
surface 10 of the liquid crystal cell having a relatively 
small difference in refractive index and the prescribed 
critical reflection condition is destroyed in a part of the 
retroreflection route on the lens surface and, therefore, 
the external light infiltrating the inside of the microlens 
array sheet 52 is guided into the liquid crystal cell 51 
without making retroreflection. The retroreflection on 
the lens surface is thus suppressed. Namely, the 

disadvantage of the narrow visual field angle of the liquid crystal display is overcome by the 
extremely simple constitution of merely providing the observation surface side of the liquid 
crystal cell 51 with the microlens array, by which the good display grade is eventually obtd. in 
the observation direction of a wide range. The display grade which compares favorably with 
other display systems, such as CRT system, is obtd. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The 1st matter layer and the 2nd matter layer with a refractive index smaller than this 
1st matter layer should be caught in two parallel flat surfaces. It is the method of equipping a 
liquid crystal cell with the micro-lens array sheet which arranged the minute unit lens which 
functions as a lens when the interface of the 1 st matter layer and the 2nd matter layer makes a 
concave surface and/or a convex configuration in the shape of a field. The wearing method of 
the micro-lens array sheet characterized by making the heights top field of the concavo-convex 
side of the 1st matter layer of a minute unit lens stick to a liquid crystal cell front face. 
[Claim 2] The micro-lens array sheet with which one field is the micro-lens array sheet which 
arranged the minute unit lens which functions as a lens when the field of another side makes a 
concave surface and/or a convex configuration in the shape of a field, and is characterized by 
the thing of this concave surface and/or a convex for which the heights crowning is formed with 
adhesiveness or the adhesive resin at least at a flat surface. 

[Claim 3] The liquid crystal display characterized by equipping the observation side of a liquid 
crystal cell with a micro-lens array sheet according to claim 2 using the adhesiveness or 
adhesive property of this micro-lens array sheet 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention is used for the wearing method of a micro-lens array sheet, 
and its method, and relates to a suitable micro-lens array sheet and the liquid crystal display 
using it. It is related with the technology of equipping a liquid crystal cell with a micro-lens array 
sheet and obtaining a liquid crystal display in more detail. 
[0002] 

[Description of the Prior Art] The application to a liquid crystal display, an optical coupling 
optical element, a picture input device, etc. is expected, and, as for the micro-lens array which 
arranged minute unit lenses, such as a convex lens and a concave lens, in the shape of a field, 
research is advanced. 

[0003] A micro-lens array divides roughly and has two sorts of gestalten. One carries out array 
formation of the toothing-like unit (minute unit lens) controlled by ultra-fine processing 
technology on the field-like substrate etc., and another is the so-called monotonous micro-lens 
array which gave the distribution of a refractive index to the arbitrary minute unit portions in a 
plane substrate. 

[0004] A liquid crystal display uses the electro-optical effect of a liquid crystal molecule, i.e., an 
optical anisotropy, (refractive-index anisotropy), a stacking tendency, a fluidity, a dielectric 
anisotropy, etc., and displays using the liquid crystal cell which arranged the optical shutter to 
which it electric-field-impresses, or energizes in arbitrary display units, and a light transmission 
and a reflection factor are changed. This liquid crystal display has the direct-viewingHiype 
display which carries out direct observation of the image displayed on the liquid crystal cell, and 
the projected type display which projects a display image on a screen and observes it from a 
transverse plane or a tooth back. 

[0005] The liquid crystal display (it may only be hereafter called a "liquid crystal display" or 
"LCD") of a direct viewing type has the fault that display grace changes with observation 
directions. If display grace falls and a certain angle is exceeded so that the angle which the 
direction of a normal of the screen and the observation direction make becomes large, since it is 
set up so that the best display grace may be obtained when it generally observes from [ of the 
screen ] a normal, it has the fault, i.e., the fault that the angle of visibility (it may only be 
hereafter called an angle of visibility) from which good display grace is obtained is narrow, of 
exceeding the range which an observer can admit. In order to expand the angle of visibility of a 
liquid crystal display, combining optical elements, such as a liquid crystal display and a micro- 
lens array sheet, is proposed. 

[0006] As a method of expanding an angle of visibility to the observation side side of a liquid 
crystal display combining the optical element which controls the beam-of-light transparency 
directions, such as a lens The method (JP,53-25399,A) of allotting a plano-concave lens group, 
the method of arranging a polyhedron lens (JP.56-65175.A), How (JP,61-148430,A) to arrange a 
prism-like salient transparent board, the method (JP,62-56930,A — ) of preparing a lens per 
display of a liquid crystal cell, respectively There is JP,2-108093,A etc. and there are some 
(JP,58-169132,A, JP,60-202464,A, JP,63-253329,A) which add a means to control [ in addition 



to these ] the direction of beam-of-light outgoing radiation of the source of a back light further 
in a penetrated type display. 

C0007] ru 
[Problem(s) to be Solved by the Invention] The conventional method has all come L however, J to 

solve the problem of an angle of visibility deficiently to practicality. According to examination of 

this invention persons, this reason is because there was a fault of the effect of expanding an 

angle of visibility by the method by which the conventional proposal has been made being small, 

or falling the display grace of a liquid crystal display remarkably. 

[0008] That is, since the display observed is reduced while the thickness of a display will become 
thick and the feature of a liquid crystal display called a thin shape will be spoiled, if it thinks also 
including the thickness of a lens, since considerable curvature is required of the method of 
arranging a single concave lens, there is a fault of being hard coming to distinguish the content 
of a display. 

[0009] moreover, like the method of arranging the plano-concave lens group by which the 
conventional proposal is made, a polyhedron lens group, a lenticular-sheet lens, and a prism 
board By the method which the concavo-convex field of each optical element exposes to the 
observation side of a liquid crystal display Not only the effect of expanding an angle of visibility 
is small, but the display contrast when observing a liquid crystal display from a transverse plane 
(the direction of a normal of an observation side) falls. Moreover, since scatter reflection of the 
beam of light which carries out incidence from the outside of a liquid crystal display depending 
on the observation direction is carried out strongly There is a fault that the whole screen 
becomes whitish when there is an incident light from the outside, such as the usual indoor 
lighting, the contrast ratio at the time of an optimal-color display and the maximum dark color 
display falls, and a display becomes hard to see. That is, it became so remarkable that the angle 
which the direction of a normal of the screen and the observation direction make becomes large 
while the display grace when observing a liquid crystal display from a transverse plane falls, and 
above a certain angle, it becomes impossible to almost decipher the content of a display, and the 
angle of visibility which is the original purpose was not able to be expanded as a result. 
[0010] Moreover, in the monotonous micro-lens array which established the refractive-index 
distribution field in the interior, such as a glass substrate, although the above-mentioned fault is 
canceled mostly, since sufficient refractive-index difference cannot be taken, there is a fault 
that the angle-of-visibility expansion effect is small. 

[001 1] In addition, since the fault that the angle of visibility of the above-mentioned liquid crystal 
display is narrow is the theoretic problem of a liquid crystal display, there is a limitation in 
expanding an angle of visibility, and sufficient effect is not acquired by the improvement inside a 
liquid crystal cell. 

[0012] the purpose of this invention cancels the above-mentioned fault, and it is in the wearing 
method of the micro-lens array sheet which has sufficient angle-of-visibility expansion effect 
under anticipated-use environment with outdoor daylight, the thing for which it uses for the 
method and a suitable micro-lens array sheet is offered, and this invention offering further the 
liquid crystal display to which an angle of visibility is large and observation by two or more 
persons is enabled using it 
[0013] 

[Means for Solving the Problem] The wearing method of the micro-lens array sheet of this 
invention in alignment with this purpose The 1 st matter layer and the 2nd matter layer with a 
refractive index smaller than this 1st matter layer should be caught in two parallel flat surfaces. 
It is the method of equipping a liquid crystal cell with the micro-lens array sheet which arranged 
the minute unit lens which functions as a lens when the interface of the 1st matter layer and the 
2nd matter layer makes a concave surface and/or a convex configuration in the shape of a field. 
It is characterized by making the heights top field of the concavo-convex side of the 1st matter 
layer of a minute unit lens stick to a liquid crystal cell front face. 

[0014] Moreover, one field is a flat surface, and when the field of another side makes a concave 
surface and/or a convex configuration, the micro-lens array sheet concerning this invention is a 
micro-lens array sheet which arranged the minute unit lens which functions as a lens in the 



shape of a field, and is characterized by the thing of this concave surface and/or a convex for 
which the heights crowning is formed with adhesiveness or the adhesive resin at least. 
[0015] Furthermore, this invention offers the liquid crystal display characterized by equipping the 
observation side of a liquid crystal cell with the aforementioned micro-lens array sheet using the 
adhesiveness or adhesive property of this micro-lens array sheet 

[0016] In this invention, a "liquid crystal display" uses the electro-optical effect of a liquid 
crystal molecule, i.e., an optical anisotropy, (refractive-index anisotropy), a stacking tendency, a 
fluidity, a dielectric anisotropy, etc., and means the image display equipment which carries out 
direct observation of the picture displayed using the array object of a liquid crystal light shutter 
to which a light transmission and a reflection factor are changed with an absolute size by 
electricHleld-impressing, or energizing in arbitrary display units, and changing the orientation 
state of liquid crystal. 

[0017] In this invention, a "liquid crystal cell" means the array object of this liquid crystal light 
shutter. As mentioned above, even if it was going to equip with the method using micro-lens 
array sheets, such as the conventional lenticular-sheet lens and a monotonous micro-lens array, 
on the surface of the liquid crystal cell and it tended to obtain the latus liquid crystal display of 
an angle of visibility, its deterioration of the display grace when the angle-of-visibility expansion 
effect being small, or observing from a transverse plane was remarkable. 

[0018] In order for this invention persons to expand an angle of visibility, without reducing the 
display grace when observing from a transverse plane as a result of inquiring in view of the 
above-mentioned fault The 1st matter layer and the 2nd matter layer with sufficient refractive- 
index difference are put between a flat surface parallel to two each other. It found out that the 
angle of visibility of a liquid crystal display was expandable by considering as the micro-lens 
array sheet which arranged the minute unit lens with sufficient refraction function by making the 
interface of the 1st matter layer and the 2nd matter layer into the shape of toothing. However, 
when outdoor daylight was strong, there was a problem that visibility fell, examination was 
advanced further and this invention was completed. 

[0019] In this invention, a minute unit portion with a minute unit lens, i.e., a lens function, is 
arranged in the shape of a field with a micro-lens array sheet (it may be hereafter called MLA). 
When it says that an array object (MLA) is fully large to the size of a unit portion (unit Jens) and 
an array object consists of 100 or more unit portions here, it shall be said here that a "minute" 
unit portion has a minute unit portion. 

[0020] It is not necessary to have a certain regular focus, and, furthermore, there should just be 
a function made refracted in the arbitrary directions by which the beam of light which carries out 
incidence was controlled here like a single convex lens usual with "it has a lens function", and a 
single concave lens. 

[0021] The unit lens of this invention functions as a lens, when the interface of the 1st matter 
layer pinched by two parallel flat surfaces and the 2nd matter layer with a refractive index 
smaller than this 1st matter layer makes a concave surface and/or a convex configuration. 
[0022] There is a two-dimensional lens array sheet which arranged the curved surface of the 
shape of a dome with bases, such as a 1 -dimensional lens array sheet which, on the other hand, 
arranged to ** the curved surface shown by the locus to which the parallel displacement of the 
curves, such as radii, was carried out like a lenticular-sheet lens as a configuration of a 
concavo-convex side, a rectangle and a triangle, and a hexagon, in all directions. Moreover, what 
carried out the polyhedron configuration with which a flat surface and/or a curved surface with 
various angles and curvature were combined may be used. 

[0023] Here, the 1st matter which constitutes the 1st matter layer, and the 2nd matter which 
constitutes the 2nd matter layer are transparent matter substantially, respectively. As the 1 st 
matter, glass material, transparent plastic material, etc. are used preferably. Moreover, as the 
2nd matter, a refractive index should be just smaller than the 1st matter, and gases, such as 
liquids, such as water besides glass material and transparent plastic material, and air, can be 
used. The layer of such 1st matter and the 2nd matter is pinched by two parallel flat surfaces. 
Moreover, let the interface be a concave surface and/or a convex. 

[0024] A flat surface shall mean that it is a flat surface substantially as compared with the 



concavo-convex field used as the field which functions as a lens, and when average-of- 
roughness-height Ra is 1/5 or less to the height of a concavo-convex field here, it shall be said 
[ flat surface ] here that it is it. Moreover, it says that it is [ as opposed to / a concavo-convex 
size / similarly ] substantially parallel in it being parallel. 

[0025] In such a micro-lens array sheet, there was a problem that the visibility when considering 
as a liquid crystal display by the retroreflection in a lens side fell under environment with outdoor 
daylight only by having arranged on the surface of a liquid crystal cell. 

[0026] Then, maintaining the angle-of-visibility expansion effect over a liquid crystal display, how 
to reduce reflection of outdoor daylight greatly is examined, and the heights part top field of the 
1st matter of each unit lens of a micro-lens array was stuck to the liquid crystal cell, and it 
found out that the angle of visibility of a liquid crystal display was expandable, without reducing 
visibility by making outdoor daylight advance inside a liquid crystal cell. 

[0027] In the micro-lens array sheet, the mechanism in which visibility fell under environment 
with outdoor daylight was examined. Consequently, the outdoor daylight which carried out 
incidence to the lens array sheet from the high refractive-index matter layer side When total 
reflection is carried out in the portion which has an angle more than the critical angle of 
reflection based on the refractive-index difference of both matter among interfaces with the low 
refractive-index matter layer which is making the concavo-convex side and the beam of light 
reflected further repeats reflection by the same principle It studied that it was the main factor of 
reflection of outdoor daylight that outgoing radiation is again carried out from the field which 
carried out incidence (this phenomenon may be hereafter called "retroreflection in a lens side"). 
However, it became clear that outdoor-daylight reflection becomes strong and it has been the 
problem to limit the use when considering as a liquid crystal display, so that it was going to 
acquire the big angle-of-visibility expansion effect, since the portion of the concavo-convex field 
which has a big angle by one side to the observation side from which the first total reflection 
starts is the portion which demonstrates the angle-of-visibility expansion effect that it is big 
when carrying in a liquid crystal display. 

[0028] The conditions from which total reflection arises happen, when a beam of light reaches an 
interface with the high refractive-index matter to the low refractive-index matter and it is more 
than critical angle-of^reflection thetac the angle theta which the travelling direction of a beam of 
light and the normal of an interface make is indicated to be by following the (1) formula as known 
well. 

sin(thetac) =n2 / n1 (1) 

It is n2 here. The refractive index of the low refractive-index matter, and n1 The refractive index 
of the high refractive-index matter is shown. 

[0029] For example, in drawing 2 , if the refractive index of the lens quality-of-the-material layer 
1 which is the high refractive-index matter is set to 1.5 and the refractive index of the air space 
which is a low refractive-index matter layer is set to 1.0, critical angle-ol^reflection thetac will 
become about 41.8 degrees, and all the beams of light that reached the concavo-convex side 3 
with the angle beyond this will be reflected. 

[0030] In drawing 2 , in the concavo-convex field 3, total reflection of the beam of light 101 
which carries out incidence from [ of a substrate side ] a normal is carried out twice, and 
outgoing radiation is again carried out from a substrate side among the incident lights from the 
1st matter layer side used as outdoor daylight, i.e., the incident light from a substrate side. 
Moreover, in the concavo-convex field 3, total reflection of another beam of light 102 is carried 
out 3 times, and outgoing radiation is carried out from a substrate side. Thus, the beam of light 
by which outgoing radiation is carried out from the same field as the field which carried out 
incidence caused [ main ] outdoor daylight reflection when using the conventional micro-lens 
array sheet by repeating total reflection. 

[0031] Then, as shown in drawing 1 , when the front face 10 of a liquid crystal cell 51 sticks the 
heights top field 11 of the 1st matter layer 1 of the micro-lens array sheet 52 Since the critical 
reflective conditions which a part of 1st matter layer 1 will touch the liquid crystal cell front face 
10 where a refractive-index difference is comparatively small, and were shown in the formula (1) 
according to a part of retroreflection path in a lens side collapse, Since the retroreflection of the 



outdoor daylight 103 and 104 which advanced into the micro-lens array sheet is not carried out 
but it is guided in a liquid crystal cell 51 as shown in drawing 3 , the retroreflection in a lens side 
is inhibited. 

[0032] The ** type view of the configuration of MLA used for this invention at drawing 4 or 
drawing 8 is shown. Drawing 4 and drawing 5 are the examples of 1 -dimensional MLA which, on 
the other hand, arranged the pillar-shaped boiled-fish-paste-like object to **. Moreover, drawing 
6 or drawing 8 is the example of two-dimensional MLA which arranged the dome-like solid with 
the base of a hexagon in all directions. In drawing 4 or drawing 8 , fields 4 and 5 which reach 1st 
matter layer 1 and are different in the mutual interface 3 of the 2nd matter layer 2 are parallel 
flat surfaces mutually. 

[0033] If it has such an outdoor daylight acid-resisting function, although especially the method 
of sticking the heights top field of the 1st matter layer of a micro-lens array sheet on a liquid 
crystal cell front face is not asked, as a desirable concrete method, the following will be 
mentioned from the point of the ease of operation. 

(1) The method of the 1st matter layer of a minute unit lens with which forms a heights top field 
with adhesiveness or the adhesive matter at least, and it equips on the surface of a liquid crystal 
cell using this adhesiveness or adhesive property. 

(2) The method of the 1 st matter layer of a minute unit lens with which applies adhesion or the 
adhesive matter to the heights top field, and it equips on the surface of a liquid crystal cell at 
least using this adhesiveness or adhesive property. 

(3) The method of applying adhesiveness or the adhesive matter to the portion of the 1st matter 
layer of a minute unit lens which a heights top field faces at least at least, and equipping on the 
surface of a liquid crystal cell using this adhesiveness or adhesive property on the front face of 
a liquid crystal cell. 

(4) The method of equipping a liquid crystal cell through this base material, after applying 
adhesiveness or the adhesive matter to the portion of the transparent plate-like base-material 
front face prepared independently which a heights top field faces at least and equipping this 
base-material front face with a micro-lens array sheet using this adhesiveness or adhesive 
property. 

[0034] In addition, in these methods, it is not asked especially about the sequence which 
assembles each part material which constitutes MLA and a liquid crystal cell, productivity, the 
quality of LCD obtained are taken into consideration, and it is chosen suitably. That is, after 
compounding MLA with members, such as a polarization film which may equip with MLA and is 
arranged on the observation side side of a liquid crystal cell after assembling a liquid crystal cell 
according to the same process as the conventional LCD, you may assemble a liquid crystal 
display. 

[0035] When the matter with adhesiveness here or an adhesive property is generally called a 
binder or adhesives and a liquid crystal cell is equipped with it, it says what a minute unit lens 
crowning can stick to a liquid crystal cell observation side, and it is desirable that it is a 
macromolecule resin constituent from a point with easy handling. This resin constituent is 
chosen in consideration of the polymerization degree of a resin, a glass transition temperature, 
etc. by the adhesiveness or adhesive property to search for. Although not limited especially as 
this resin, the oak which illustrates the example of representation, thermoplastics, an ultraviolet- 
rays hardening type resin, etc. are mentioned, and if the simplicity of the method of forming a 
minute unit lens is taken into consideration, an ultraviolet-rays hardening type resin will be used 
preferably. 

[0036] As a gestalt which the 1 st matter layer heights top field of a micro-lens array sheet 
stuck to the liquid crystal cell front face, as shown in drawing 9 , as for the lens height (a) when 
equipping a liquid crystal display 3, a lens pitch (b), and flat part width of face (c), it is desirable 
to have the next relation. That is, 1 / 3 - 5/1, it being 1/2-4/1 still more preferably, and b/c 
have [2/1 - 10/1, and that it is 2 / 1 - 5/1 still more preferably ] desirable a/b. 
[0037] This mode of this invention has a still bigger effect, when the 2nd matter layer is air. That 
is, they are the point that wearing to a liquid crystal cell becomes easy, and two points of being 
easy to acquire the big angle-of-visibility expansion effect. 



[0038] In case a liquid crystal cell is equipped with a micro-lens array sheet, the 2nd matter 
layer in the case of solid-states, such as a transparent plastics resin Although it can be made to 
be able to stick to a liquid crystal cell and can equip by giving adhesiveness or an adhesive 
property to the 2nd matter layer itself [ this ], or carrying out the laminating of a binder layer or 
the adhesives layer on this 2nd matter layer the case where the 2nd matter layer is air — the 
[ the 1st matter layer or ] — it is because it is necessary to support a micro-lens array sheet 
on a liquid crystal cell by the additional member holding the rigidity of the base material in which 
1 matter layer is made to form, or a micro-lens array sheet 

[0039] moreover, although a big refractive-index difference is needed between the 1st matter 
and the 2nd matter in order to acquire the big angle-of-visibility expansion effect, since the 
refractive index of the transparent matter generally used widely is concentrated on the range of 
1.4-1.6, it is difficult to acquire the big angle-of-visibility expansion effect by the selection from 
these quality of the materials, and special quantity or the low refractive-index matter must be 
used However, if air is used as the 2nd matter layer, the big angle-ol^visibility expansion effect 
can be acquired with general-purpose material. 

[0040] The micro-lens array sheet which this invention uses can perform an antistatic treatment 
and surface hardening (hard-coat) which are made on the observation side front face of the 
conventional liquid crystal display, acid-resisting (anti reflection) processing by the optical 
multilayered film, anti-dazzle (non-glare) processing, etc. if needed to the front face 4 by the 
side of the 1st matter layer in the micro-lens array sheet of composition of having been shown 
in the field which turns into an observation side front face when a liquid crystal display is 
equipped, for example, drawing 4 , and drawing 8 . 

[0041] Although the base material in which MLA is formed can be chosen according to operation 
and is not indispensable, the method using MLA formed on glass or transparent plastic film has 
the highest versatility. In this case, it is desirable to make transparent plastic film into a base 
material from formation of the ease of dealing with it or a lens side being comparatively easy. 
[0042] A micro-lens array sheet can apply the manufacture method of the conventional 
lenticulai^sheet lens or a Fresnel lens, and can acquire it by the new method. 
[0043] the [ namely, / the 1st matter layer or ], in order to obtain 2 matter layers the female on 
which the lens configuration searched for beforehand was stamped — the method which 
prepares metal mold, is filled up with a resin etc. and imprinted on a sheet front face — How to 
prepare the same metal mold, pour in a resin and fabricate a base-material portion and a lens 
group portion simultaneously, After irradiating only the part which applies uniformly optical 
hardening resin, such as ultraviolet-rays hardening resin, on base materials, such as plastic film, 
and asks for it and making it harden a beam of light, Although the method of cutting mechanically 
base-material front faces, such as a method of removing a garbage, plastics, or glass, and 
creating a lens configuration, the method which combined these are mentioned, it is not limited 
to these. 

[0044] The method of irradiating ultraviolet rays and making them harden is desirable, filling up 
ultraviolet-rays hardening resin into metal mold with the point which can manufacture 
continuously among these and can perform processing with it, and imprinting on a plastic film 
base material at it. [ good productivity and ] [ precise ] 

[0045] the [ thus, ] — the [ 1 matter layer or ] — when using matter other than air as the 2nd 
matter after obtaining 2 matter layers, it can be filled up with the material used as the matter 
layer, and a micro-lens array sheet can be obtained 

[0046] Moreover, carry out the laminating of the radiation-curing nature resins, such as 
ultraviolet-rays hardening resin, on a substrate, the portion which serves as a unit lens by 
irradiating radiation, such as ultraviolet rays, only at a required part is made to harden as a new 
method, and there is a method of removing a part for a non-hard spot later on etc. 
[0047] Next, the liquid crystal display of this invention is described. The liquid crystal display of 
this invention is a liquid crystal display characterized by having made into the observation side 
side the flat-surface side of the micro-lens array mentioned above, and equipping the 
observation side side of a liquid crystal cell with a wearing, i.e., microlens, side at a liquid crystal 
cell side. 



[0048] A liquid crystal display is what displays arbitrary information by the liquid crystal cell 
which combined the display unit of arbitrary configurations. There are various display formats to 
the thing of the dot-matrix method which can display mass information from what displays one 
information by one pictorial symbol etc. by the liquid crystal cell which arranged the dot-like 
display unit in all directions. The liquid crystal display of a dot-matrix method with large 
information capacity has the large effect acquired by enabling observation by two or more 
persons by expanding an angle of visibility although which form is sufficient as the liquid crystal 
display of this invention. 

[0049] A liquid crystal cell means what arranged the optical shutter style which controls a light 
transmission using the difference of the optical property produced into a voltage impression 
portion and a non-impressing portion as a display unit by changing the orientation state of a 
liquid crystal molecule here by electric-field-impressing or energizing in a liquid crystal molecule 
with the electro-optical effect, i.e., the refractive index, and the dielectric constant anisotropy of 
a liquid crystal molecule. 

[0050] There are the oak which illustrates the format of an optical shutter style, dynamic 
scattering mode (DS), guest host mode (GH), phase transition mode, a twisted nematic type 
(TN), ferroelectricity mode, a super twisted nematic type (STN), polymer distribution mode, 
HOMEOTORO pick mode, etc. 

[0051] Moreover, there are a segment drive which drives each liquid crystal cell independently as 
a method which drives each display unit of a liquid crystal cell, a simple matrix drive which 
carries out the time-sharing drive of each display unit, an active matrix drive which allotted 
active elements, such as a transistor and diode, to each display unit 

[0052] As a method which observes LCD, the reflecting layer which has light reflex ability is 
prepared in the tooth back of LCD, and there is penetrated type LCD which is made to 
penetrate LCD and observes the light by which prepared the light source in the LCD tooth back, 
and outgoing radiation was carried out to the reflected type which is made to reflect the light 
which carried out incidence from the front face of LCD, and is observed from the light source. 
Moreover, there are some which make both serve a double purpose. 

[0053] The liquid crystal display of this invention is a book among these at the time of the liquid 
crystal display of a penetrated type simple matrix drive super twisted nematic type, a penetrated 
type active matrix drive twisted nematic type, and a reflected type simple matrix drive super 
twisted nematic type, although it can combine suitably and can constitute in accordance with the 
property of asking for some above display formats, a drive method, and an observation method. 
[0054] The fault that an angle of visibility is narrow can be canceled without reducing the display 
grace of the conventional liquid crystal display by preparing MLA previously stated to the 
observation side side of a liquid crystal cell. 

[0055] Generally, even if the angle which the observation direction and the direction of a normal 
of a cell observation side make is fixed, change of the display grace by the observation direction 
of a liquid crystal cell is generated when the observation direction rotates this normal as a shaft. 
That is, it is common that (the left when receiving the screen, the right, above, down, etc. and 
angles of visibility) change with directions which move from the transverse plane of a cell in the 
observation direction. Or on the other hand, wanting to expand the angle of visibility of a 
longitudinal direction depending on the purpose of using a liquid crystal display etc. expands 
Mukais angle of visibility preferentially. In such a case, it can consider as a liquid crystal display 
with still higher display grace by designing so that it may have the degree of diffusion angle 
which changes the function of a lens with each directions about the angle-of^visibility property 
of each direction or the angle-of-visibility expansion direction for which it asks of a liquid crystal 
cell. 

[0056] Namely, although an angle of visibility is expanded about four-directions each direction in 
two-dimensional MLA as shown in drawing 6 or drawing 8 when a liquid crystal cell is equipped, 
according to 1 -dimensional MLA as shown in drawing 4 and drawing 5 , an angle of visibility is 
expandable only in the array direction ( drawing 4 space longitudinal direction). Moreover, even if 
it makes the array direction intersect perpendicularly and carries out the two or more sheet 
laminating of the 1 -dimensional MLA, an angle of visibility is expanded about foui^directions 



each direction. 

[0057] The size and position of the unit lens of MLA used for this invention can be chosen with 
the size of the display unit of a liquid crystal cell. When a liquid crystal display is a dot-matrix 
method, there are two desirable modes in the correspondence relation between one display unit 
and unit lens. As for one, one unit lens corresponds correctly per 1 display of a liquid crystal cell, 
respectively, and, as for another, two or more lenses correspond to 1 display unit. By this, 
generating of the moire by interference of the lens array pitch of MLA and the display unit pitch 
of a cell can be suppressed. Precise alignment is unnecessary, and since the same MLA can be 
used to a cell with how many kinds of those dot sizes, the latter mode is [ among these ] 
desirable at the point whose productivity improves. It is desirable that four or more unit lenses 
correspond to 1 dot still more preferably, and, as for a further, it is desirable that eight or more 
unit lenses correspond to 1 display unit. 

[0058] In the case of 1 -dimensional MLA, the definition of the number n of a unit lens to 1 
display unit is following the (2) formula here, and, in the case of two-dimensional MLA, it defines 
as following the (3) formula. 

n=N/(L/l) (2) 

n=N/(A/a) (3) 

It is the area of the portion which the length of the lens array direction of the portion which the 
total of the unit lens which N has on the LCD screen, and L contribute to the length of the 1- 
dimensional MLA unit lens array direction of a liquid crystal cell here, and I contributes to a 
display among 1 display units of a liquid crystal cell, and A contribute to the area of the LCD 
screen, and a contributes to a display among 1 display units of a liquid crystal cell. These 
formulas show the number of an average of the lens corresponding to the display unit portion 
except the portion which does not contribute directly to the display of the wiring space of the 
LCD screen etc. 

[0059] In this invention, when it is penetrated type LCD in which LCD has a source of a back 
light, as for this source of a back light, it is desirable that it is that by which outgoing radiation of 
the 80% or more of the flux of light is carried out to the effective viewing-angle range of the 
liquid crystal cell put together. 

[0060] The effective angle-of-visibility range of a liquid crystal cell means the angle-of-visibility 
range from which display grace good when a liquid crystal cell is observed is obtained here, and it 
considers as the range of the observation direction where one fifth of contrast ratios are 
obtained here to the greatest contrast ratio in the observation direction in which the best 
display grace is obtained. 

[0061] There are two effects acquired by considering as the source of a back light with such 
directivity, and one is the point which the flux of light by which outgoing radiation is carried out 
from light source objects, such as a fluorescence pipe, can use effectively. The liquid crystal 
display of this invention with namely, each unit lens of a lens array sheet Since it enables it to 
observe the flux of light penetrated in the direction which shows a good display from various 
directions at the same time it makes the flux of light penetrated in the bad direction of the 
display grace of a liquid crystal cell refracted and makes it observation not affected The flux of 
light by which outgoing radiation was carried out from before at the big angle to the direction of 
a normal of the screen in the source of a back light without the directivity generally used is not 
used. Then, the flux of light by which outgoing radiation is carried out from the light source can 
be effectively used by giving directivity to an outgoing beam from the source of a back light 
[0062] Furthermore, another effect is the point that bleeding of a display image can be 
prevented. Although this invention equips the observation side of a liquid crystal display with a 
lens array sheet, the part is stuck to a liquid crystal cell and it is prepared, many distance 
equivalent to the substrate for generally enclosing liquid crystal or the thickness of a polarizing 
element is between the display unit of the liquid crystal layer of a liquid crystal cell, and the 
concavo-convex field of a lens array sheet For this reason, the flux of light which penetrated 
one display unit of a liquid crystal cell reaches not only the unit lens portion equivalent to this 
display unit portion but the unit lens in a little distant position, and since it is observed as it 
became large while the profile of one display unit of a liquid crystal cell fades by the effect of a 



unit lens, as the display image bled, it is observed. On the other hand, since only the unit lens 
portion which mainly corresponds since there is directivity in the flux of light which penetrated 
this display unit portion will be reached even if some distance is between the display unit portion 
of a liquid crystal layer, and the concavo-convex field of a lens array sheet if the source of a 
back light with directivity is used, a display image does not bleed as mentioned above. However, 
since it made it more desirable for a display image to bleed to some extent depending on the use 
of a liquid crystal display, it can respond in controlling the directivity of the source of a back light 
in this case. 

[0063] It is desirable to satisfy the following formula (4) about the directivity of the source of a 
back light to the purpose of preventing a blot of a display image, 
p >= dtan chi (4) 

Here, p (mm) expresses the array pitch of a display unit, if it puts in another way in the length in 
the direction of minute unit lens orientation of the display unit of a liquid crystal cell. However, 
when a liquid crystal cell forms 1 dot of ****** for two or more pixels for the purpose, such as 
performing color display, let 1 dot be a display unit. Moreover, when the concavo-convex field of 
a liquid crystal layer and a micro-lens array sheet is the distance of the point of having 
approached the liquid crystal layer most and d (mm) leans chi in the minute unit lens array 
direction in certain one on the source of a back light from the direction which shows the 
maximum brightness, an angle (this may be hereafter called "angle of beam spread of a back 
light") until brightness becomes half [ of the maximum brightness ] is expressed. 
[0064] In order to consider as the source of a back light with such directivity The method [ flux 
of light / by which outgoing radiation was carried out from the light sources, such as a 
fluorescence pipe ] using the means of a Fresnel lens, the Fresnel prism, etc., The means using 
the multi-reflector which combined the minute reflector as a reflecting mirror, There is a means 
to absorb the unnecessary flux of light by the optical-fiber sheet, the louver, etc. Moreover, 
although not restricted to these, the point of using effectively the outgoing radiation light of the 
light sources, such as a fluorescence pipe, and the method of preparing the prism array sheet 
with which thin-shape-izing and lightweight-ization arranged a minute unit lens and minute prism 
in the shape of a sheet at the plain-gauze cone point in the luminescence side close to the liquid 
crystal cell of the source of a back light are [ among these ] desirable. 

[0065] Since a liquid crystal cell uses the electro-optical effect of a liquid crystal molecule like 
the conventional liquid crystal display in this invention, all the manufacture methods of the 
conventional liquid crystal display can use as it is. An example of the composition of the liquid 
crystal display of this invention is shown in drawing 10 . The micro-lens array sheet 52 of this 
invention which consists of the 1st matter layer 1 and the 2nd matter layer 2 with a refractive 
index smaller than the 1st matter layer makes the 1st matter layer side an observation side side, 
and the observation side of a liquid crystal cell 51 is equipped with it 53 shows the source of a 
back light 
[0066] 

[Example] Hereafter, although this invention is explained in detail according to an example, it is 
not restricted to these. 

The metal mold stamped on the corrugated plate-like front face of creation some of examples 1- 
3 and the example 1 of comparison - 4(1) micro-lens array sheet (MLA) is prepared. It is filled up 
with the raw material which becomes such metal mold from low Tg ultraviolet-rays hardening 
resin (refractive index 1.46 after hardening). Furthermore, polyester film (100 micrometers in the 
Toray Industries, Inc. make, thickness) was piled up on this, after irradiating ultraviolet rays and 
carrying out temporary hardening of the resin by the high pressure mercury vapor lamp, it 
removed from metal mold, and some 1 -dimensional MLA (MLA1 or 3) as shown in Table 1 was 
created. Although the concavo-convex field configuration of such MLA is 1 -dimensional MLA 
which, on the other hand, arranged a part of pillar side to ** and each array pitch is 50 
micrometers, the heights of thread of the irregularity differ, respectively. Moreover, when all of 
these MLA have adhesiveness and it stuck it on glass monotonous, it was what is stuck by the 
width of face each unit lens crowning of whose is about 10 micrometers. 

[0067] Next, MLA1 or the same thing as 3 was prepared, the adhesiveness of MLA was vanished 



by the method of irradiating ultraviolet rays and carrying out full hardening of the ultraviolet-rays 
hardening resin more nearly again than a lens forming face, and MLA (MLA4 or 6) which a lens 
crowning does not stick as a method of attachment on glass monotonous was created. 
[0068] (2) The lens forming face was carried out inside (liquid crystal cell side), the various 
micro-lens array sheets created by (1) were stuck on the observation side side of the sault 
parts ISUTEDDO liquid crystal monochrome display (foreground-color blue mode, about 10 
inches [ of screen size vertical angles ], number length of pixels 400x width 640, and dot pitch 
290micrometer, with a back light) carried in the personal computer of creation of a liquid crystal 
display, and evaluation marketing, and MLA created the liquid crystal display with which the 
observation side side of a liquid crystal cell was equipped. Moreover, the conventional liquid 
crystal display in the state of attaching nothing was prepared as a candidate for comparison 
(example 4 of comparison). In addition, the array direction of the unit lens of a micro-lens array 
sheet was made in agreement with a screen longitudinal direction here. 

[0069] Thus, the obtained display was observed from the direction of a normal (transverse plane) 
and 60 left of the display screen, and display grace was evaluated. Evaluation was performed 
under the indoor lighting which is anticipated-use environment The result was collectively shown 
in Table 1. 
[0070] 
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[0071] As shown in Table 1, according to the wearing method of the micro-lens array sheet of 
this invention, it turns out that an angle of visibility can be expanded without reducing the display 
grace of a liquid crystal display, and a liquid crystal display with the latus angle of visibility which 
is not in the former is obtained. 
[0072] 

[Effect of the Invention] The angle at which the good display of a liquid crystal display is 
observed by this invention, i.e., an angle of visibility, is expanded by leaps and bounds. With 
namely, the very simple composition of only preparing a micro-lens array in the observation side 
side of a liquid crystal cell By canceling the fault that the angle of visibility of a liquid crystal 
display is narrow [ when the case where good display grace comes to be obtained in the 
observation direction of the latus range, and a display is observed by two or more persons, and 
the observation angle are restricted ] A display can be observed now that there is nothing 
completely inconvenient, and the display grace it is undignified inferiority also to other means of 
displaying, such as a CRT method, comes to be obtained. 

[0073] While being able to harness now further by this the outstanding advantages, such as a 
thin shape which it has originally [ of a liquid crystal display ], lightweight, and a low power, and 
canceling from before the dissatisfaction and un-arranging to the display grace which was a 
problem, it becomes possible to develop also for the conventionally impossible new use. 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the ** type view which expanded a part of liquid crystal display concerning one 
example of this invention. 

[Drawing 2] It is a ** type view explaining the outdoor daylight path within a micro-lens array 
sheet 

[Drawing 3] It is a ** type view explaining the outdoor daylight path in the liquid crystal display 
concerning one example of this invention. 

[Drawing 4] It is the outline plan to which some micro-lens array sheets were expanded. 
[Drawing 5] It is V view view of the micro-lens array sheet shown in drawing 4 . 
[Drawing 6] It is the outline plan to which some micro-lens array sheets were expanded. 
[Drawing 7] It is the VII view view of the micro-lens array sheet shown in drawing 6 . 
[Drawing 8] It is the VIII view view of the micro-lens array sheet shown in drawing 6 . 
[Drawing 9] It is the ** type view showing the example of a configuration when equipping a liquid 
crystal cell with a micro-lens array sheet. 

[Drawing 10] It is an outline block diagram explaining an example of the composition of the liquid 
crystal display concerning one example of this invention. 
[Description of Notations] 

1 1 st Matter Layer 

2 2nd Matter Layer 

3 Concavo-convex Side 

4 Front Face of 1 st Matter Layer 

5 Front Face of 2nd Matter Layer 

10 Liquid Crystal Cell Front Face 

1 1 Heights Top Field of 1 st Matter Layer 

51 Liquid Crystal Cell 

52 Micro-Lens Array Sheet 

53 Source of Back Light 

101 Beam of Light Which Carries Out Incidence from [ of Substrate Side ] Normal 

102 Another Beam of Light Which Carries Out Incidence from [ of Substrate Side ] Normal 

103 Advance Path of Outdoor Daylight 

104 Advance Path of Another Outdoor Daylight 
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XT w-^f «>- b Sr#5 w t #-C# 5. 
[0 04 6] *fc«r^ro*i£t b-Ctt, ««±tt«#Mft 

[0 0 4 7] ^^*56WWjSSx^^7'Wl-o^Ta 

L fc r i: Sr #m t -t 5 IK fa f A * 7 *> 5 . 
[0 0 4 8] SSiffir-f xt'H'B:, ffifto^ro^^* 
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[0 04 9] ■cftft-fcA'k tt, wa$H-<0«*l** 

[0 0 5 0] 3t^-Yy^W»©«ASr«*-*-4<Cfe, ^ 
^t5?^^*ty^J^*-K (DS) , y^hJlx 
K (GH) » ffife^-K, ^^yK^ 
?-y**-K (TN) » S£Sf«3re-b\ *-/<-y-f 
^T?Wvfy^-K (S TN) , 

[0 0 5 1] 4fc, JK*-fe^ro#**^HtS:Kt(ii-2>*' 

[0 0 5 2] LCDS:il*-f5*«i:UT, LCDCD* 

ftSSfctStt X%Ufab Hilt $ Jl/fcftS: L C D £ * 
Tffi*-t-52iSSLCDdSfc5. W#Sr*ffi-f-S 

[0 0 5 3] ^©ffifaf^^T'Kli, ±IEroJ:5 

[00 54] «ft-frA'«)**ffiflBKftK»'<fcM L A£ 

[00 5 5] — »J B ir/l'ro<g,£;fr|R]te 
ffio*flSf±» **#Afc*AH^E©lfcil6#l6]ifl*fc+-* 

f)i^isi^it5*i6iia-3t (*^E»cMLfc^F 



[0 0 5 6] 0 6fcV>Ua8t£*US:«fc5fc 

io #filco^TtElf£#te*$;h<£a s > 04, E]5}^L 
fcJ:5*l*5cMLAK.J:ntf, Rai#Gl 

[0 0 5 7] #IPJlCffl^ibtu5MLAWl£&^XC> 

y^sS-cfcSiHh ioro**i|i&£¥&i-'VXcc>;fc|-j£ 
/K?5 1 ^J£ffcfc**v?r;h/ 1 oro^w^X^IESttc^ 

30 oKAJiro^e^vX^jc&LTV^r L< , $ 

[0 0 5 8] i«*ijittfc»-t-5iwtwvx© 
flMkn©J&«H:HJc5cMLA©»frtt:Tia (2) itT% 

2^7cMLAw*i^iiTia (3) s;-c;e«£*i5<, 

n=N/ (L/l) (2) 
n=N/ (A/a) (3) 

LliJKBB-fe/K^ 1 i^TcML A*-(fi:i/VXSa?lJ*[6]C)ft 
40 $ , l ttJKA-lr-'KO l 5 *>S^»-^4-f?)SP 

^©wyXgS^^i©ft$, AliLCD^I«ia> 
a li^BHr/K^) 1 5 *>S*t-*^--f 

[ 0 0 5 9 ] #3PJ{£*5^-C\ LCD^ffijtaSS:*^ 



®mW- 7-1 20743 



11 

[0 0 6 0] rii-ewa^A'OT'fraWMMMfiHitt:, * 

SLfSS^fa 3 ^ 7* hJtt£*j-bX, 1/50 
[0 0 6 1] i©J:5 4»lSHt*»-3llfffi3t«i:-*-SC 

i^&s^&i^J: 5 K-f Straps ^frft^***-^* 
fiKjfilbXtfcftJttfc, 

So 

[0062] 1 5 — :><D#l*Ht**IIHfe©te- b 

^Wtofc&ffifci'VXrW HSrS^ri"5t 

©^K-^fli**^©^ a-*** 8» s 

ft<, ^ftftfc&fiU:fcS^#:i-'>'Xt£'t>j§U ^ 

**i)ittSiJ^«:aBlU*:3t*fc»±*BlSltt**»S©"^» ^ 
±E© J: 3 lit*:: fca*fcv\, fcKU * 

2S<D}§ fittfc 3Vhn i X*t-j£#"5T^Xfc 

So 

[0 0 6 3] £*Wfc©jg>*fcRJk-rSi:^5BWte# 
bXtt, WB5*«©»l«iH*fcoV N "C?fe©a (4) 

p ^ dtan x (4) 

p (mm) tt, «ft-fe/p©**itMSc©1»/hJ)Mfc 

1 Ky bSrS^^&i-fSo Sfcd (mm) 
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ffii^XK^fit-ffittX^ofcitK, WC^**« 
2>*X*cofc* (WT, t*yt7 4 

[0 0 6 4] Z.<D£?teftfa&*#f^m%Mt-rZtc 
K1-£f§ftBl-f9:tt5*i£* s #* bv\ 

[0 0 6 5] *%WlC*5^X^H-fe-'W*?&*C0^BX^ 

IBM*. JKft^J-o***^**:*!^ <-fc 
^t*©***^-*-* a. hi ok, #3g$ 

^ b uvxr K b 5 2 #5, 
$ 1 *MM««rfWfcH«H- UT«*t/i'5 1 CD^fiiffifc 
SMtSih.'r^S. 5 3f**®ft}!S£:*LX^5o 
[0 0 6 6] 

[ms^j] eat, *»warsa6«fcfleoT»u<KWi- 

so Hil^J 1 ~ 3 is X XfM&W 1 ~ 4 

(1) v/fjDUyXTK^-b (ML A) COfMc 

b©MtfiT g m^mmtmm mimvmmm 1 . 

4 6) *»5>fc5]lM*«ra*U SfeKro±K#!)« 
0KV (ttO S. f^lOOym) 

{KBMfc* bftfcC9*>&S <fc 9 t *) tiir * 1 Ufc 
J; 5*, V»<od»COl35C7cMLA (MLAl&l/>L3) 
5r^bfc„ rixbro, MLAcoDflias^lis RSffl 
40 E©-»8-«:-#flfcBBWLfcl#5EMLA-C*>0, @2 
Wtry^ttlr^-mfc 5 0 MmXfeS^, ^(DHifhcoajcD 
H^^WWiStWtfcS,, rftbMLA 
li±XJte*ttSr^LX*5 9, ^f9^¥«±fcW9{+ttS 

60-efcofco 

[0 0 6 7] ftlCMLA l<CVb3 tPCtWSrfflS 

*T. Xf7^ 5 PtS±KB£9#f'tJ; 0 t LXtUVXTSgp 
so dS?g^fb^VMLA (MLA4ftl^b6) Srf^figbfc. 
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[0 0 6 8] (2) 4*-?\s4<n>*fe$te&.xmm 
- h\ mbim io-f pr»ftiK4 o o x 

f 6 40, Ky h fyf2 9 0 ,tm, rtytj't Ytt 
#) GOfSfUMK (l) fMLfc«*(0-7^Dvy 

bT&Otttt, MLA#*ft-fe*^*ffi«fcSS»**i, 
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*4) tLXftM^fCo ?fe*5. rr^^nn/XTl' 

[0 0 6 9] r<DJ:5fc.L-C#fc7 :f -r;*7' , W*\ r-f 
^^W*^ffi«5ffiitS*|Rl (IE®) *5J:tte6 0&d>fe 

[0 0 7 0] 
[*1] 
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[0071] s 1 {c^ufc <t 5 #3&w«>w ^di/ 

[0 0 7 2] 

ci i/yX7 W SrKtt *«r?0««)-C*ie«*fi!ET?, 

[0 0 7 3] £.*U£«fc!K ^iB^^T'W ©#*#o. 
[Bli60ffi¥&K9J] 



[0 2] ^ n i/yX7 W hrt t©^M?: 
[0 3] ;^9!©-StllOTfc«3*iS&^*:7i^lcis 

[0 5] El4lc^;Ufc- : 5''C^n wyX7 W bcov 

[06] -v ^ a i/yX7 W b CD— L- 

[HI 7 ] El 6 {Ctf L-fc^-Y ^ 13 kyX7 W v— hcov 
I I^tlElXfeSo 

[g|8] |6i:iU:7'i'^n L^yX7W h©V 
40 I I I $cHlT?fe5„ 

[09] W ^ o wyX7 u-f h Sr«ft-fe/HcSy» 

[010] 3«fcWfc«6«ft9*-f^^W© 

1 w, i v 

2 sg2feice 

3 BflfijB 

4 ^l ^ws^s® 

so 5 ^2feRgco*S 



ft §8¥7-120743 



(9) 



75 

l o JKift-fe/i^ffi 
i i 

5 1 jftftir^ 

5 2 W ^ n l/yX7 W v"- h 
5 3 »H#S 
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1 0 1 £«ffi©*Mll#fi*»&A*H*S3tel* 
i o 2 »Siiioife«i*|S|*»feA«i-*9J©3t« 

1 0 3 *3fc0>iifTttB 

10 4 m<n^%<nWfsW& 



[02] 



102\ 










A ; 




[El 4] 



t 



-1,2 



[07] 



[05] 



[06] 




■VII 



&m ¥7-1 20743 




